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7.1 INTRODUCTION

An essential component of an ecological risk assessment is a prediction of exposure of the organisms
being assessed. This chapter outlines exposure pathways for the different pesticide delivery methods, both
nonsystemic and systemic, and discusses methods psed to predict pesticide exposure to honey bees and
non-Apis bees. This chapter also provides an outline of techniques employed to measure pesticide residues in
relevant matrices and discusses higher tier field study designs that are used 1o refine bee exposure assessments
for specific products. Finally, this chapter presents perspectives regarding pesticide application technologies
that can be emploved (o mitigate bee expoburc as well as future research needs (o further reflne exposure
assessments for this taxa.

7,11 Porential Exrosure 170 Foracing Bees

7.1.1.1  Sprayed Compounds

Honey bees can be exposed to dirget spray, or through contact with the crop to which a pesticide is applied.
Bees can he exposed to pesticides trat drift 1o plants on the edpes of the weated field, potentially leading to
either contact or oral exposure; as well as water sources near the treated field that may contain residues either
from drift or swface runsoff. Pesticide drift can also reach hives directly if the hives are located in or pear a
treated field. When foliar applications are made divectly onto flowers, oral exposure can occur through the
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Aszessing Exposure of Pesticides to Bees 47

collection of contaminated pollen, nectar, or honeydew and/or by contact exposure if the producy is directly
sprayed on foraging bees or the plant parts that they can come in contact with during foraging.

7.1.1.2  Microencapsulated Compounds

Microencapsulated technology is designed to increase adhesion of the product to the, p},.mt sm:iace ar soil
through the use of a sticking agent. Microencapsulation formulation technology 43 alsg psed to conrol
exposure by slowly releasing the pesticide. Bees can potentially be exposed to certaify nucmenupml.ﬁeé
pesticides if the microcapsules are similar in size to pollen. Bees may inadvertently colfect the microcapsules
and bring them back to the hive. If the microcapsules are collected by bees and mixed o ihe beebread, the
exposure may affect the whole colony as the pesticide will thus be fed to the Jarvae. Such incidents have
been reported following the use of Pencap-M, a microencapsulated formulation of méti}yi~para};hion {Mason,
1986). ‘

7.4.1.3 Dust

Abraded dust that is contaminated with pesticide can be released from treated seed during plapting operations
involving pesticide-freated seed (Alix et ab., 2009¢). The exposurev:Caix be oral and/or comtact from bees
foraging on flowers upon which abraded dust falls. Bees may also be expused if they fiy through the dust or
vapors released during planting operations (Forster, 2009; Pistorius et al, 2009; Alix et al., 2009¢) or, may
receive exposure if they forage on weeds and fowers (le., iindf.,rbi{)ry or in material that §s adjacent 1o the
target site) covered with contaminated dusts,

7.1.1.4  Compounds with Systemic Properties v :

Pesticides that have systemic properties will move within the plant and may be expressed in the pollen and
nectar. Pollen and nectar of plants treated with systemic compounds (such as treated seed, soil applications.
ground drench, or chemigation applications) may contain pesticide residues. These residues may be collecied
by foragers and brought back to the hive to be stored, processed, and fed to adults and larvae.

Bees may be exposed to pesticide residues that may occor in rotational crops or alternative forage
{understory or adjacent areas) that may take up and expri_z;tss pesticide residues applied at an earlier date.
Bven if target crops are not attractive o bees, compounds that are persistent may represent a potential sonrce
of exposure through soil, or through residues in the siectar and pollen of the succeeding (rotational) crop
or associated weeds. The presence of pesticide fesidues in a succeeding crop may be influenced by the
type of crop, treatment pattern, the phy szcechemma! properties, and of course the environmental fate of the
compound.

Other potential routes of exposure for foragmg bees include inbalation {Seiber and McChesney, 1987,
Seiber of al., 1991), and. wmumpuon of aphad honeydew, guttation water (Giroland et al,, 2009; Schenke
et 4k, 20109, or chemigation’ wattzr from wﬂ freatments.

7.1.2 ?mm}:m EXPO%URE *m NON~§ORA(}!HG Bees (WaAX)
g K..‘Q» ]
Al members of oionv may bf: potemmﬂy exposed to comtaminants through the wax that composes the hive.

Larvae dre reared in cells macie of beeswax, and as adults they are in constant contact with the wax while they
are in the hive. After pupalidn, bees chew through the wax coating on the brood capping and emerge as an
adult. Durmv colony dw’élopmmt worker bees continnousty modify the wax cell structure {e.g., converting
male cells it worker cells, cleaning brood cells to stock honey and vice versa). Pesticides that are lipophilic
tend 1o accumulate in wax(Tremolada el al, 20045 and if the beeswax containg pesticide residues, members
of the colony, especially larvae, may be subject to contact exposure, depending upon the hicavailability of
the pesticide (Chauvzat et al,, 2007).
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7.1.2.1 Nurse Bees

For the first 1-3 weeks after emergence adu mvoriu,r bc«.\ rernain in the hive to perform many duties including,

but not limited to, feeding and cleaning larv ae ‘cleaning cells, building new cells, processing nectar and '-:mrmg,
honey, packing pollen, and capping cells. Nurse begs may be potentially exposed to hi gher}eveis of pesticide
residues by virtue of their duties. Nurse bees process pollen and nectar into beebread and Bonsy, respeciively,
and also produce larval jelly, Nurse bees are the only caste/life-stage of honey bees that constine significant
amounts of raw pollen, which is regurgitated and processed into beebread. Beebread iythen stored in the hive
untif it is processed by nurse bees into brood food and fed to larvae. In addition, nurse bees can potentially
be exposed 10 pesticides through water brought back to the hive for cooling and brood rearing. Nurse bees
may also e exposed as they process neclar into honey within beeswax cells as welt as through contact with
wax while moving through the hive, Pesticides applied directly to the hive for Yarrog "'i;'p control and other
pests are a dil‘ect route of prc}sure to nurse be{,s (Martel et al ZOO‘?% Nursc bees canpotentially be exposed

7.1.2.2 Drones

Upon emergence as adi ,_dmncs ruuve food from worker bees or ':az mf)red honey. As larvae, drones
receive wore food than wcxriser iarvaé but the composition of that food 15 similar (Free, 1977),-Like larvae
and nurse bees, drongs may- %}g_gxposf,d te pesticides through food or residues within the hive,

7.1.2.3 Queens

Larvae that are fed only royal jelly beyond 3 days after hatchngdeve}op into queens (Free, 1977). A queen
may live within the hive from 6 months to several years. Therefore, the queen may be exposed to multiple
pesticides and residues within the hive over a relatively long petiod of time, Feeding on royal jelly and contact
with residues in the hive are the potential routes of contaminant exposure for queens.

7.1.2.4 Honey Bee Larvae
Honey bee larvae can be exposed to pesticides thmagh ingestion of contaminated food inchuding pollen,

beebread, boney, and larval jelly. Larval worker bees are fed royal jelly (also referred to as worker jelly or
larval jelly) for 3 days after egg hatch. Royal jelly is a gl du}ar secretion from the hypopharyngeal glands of
nuzse bees, and consists of some white components {mostly lipids} and a clear secretion (Free, 1977). Honey
bees exposed to some pesticides can potentially produce contaminated larval jelly (Tremolada et al., 2004)
that could be fed o the qoeen, workers, angd "ldrvae From 4-6 days after egg hatch, worker larvae are
fed beebread, which is largely processed pollen, but also includes some larval jelly, honey, and pollen (Free,
17Ty, The beebread can be Lontammdted 1f pmus%d with contaminated poflen {Orantes Bermejo et al,,
2016).

Water is brought back to the hive and ased to cool the hive, dilute stored honey, and prepare larval food.
I pesticide residues are present in this'water that is brought back to the hive, larvae may be exposed through
direct contact to the water or through ingestion of food prepared with the water. Larvae may also be exposed
via contact exposure to pesticides that gecumalate in wax or from residues on foraging bees. Additionally,
larvae, as well as adelts, may be exposed to insecticides/miticides applied directly to the hive by the beekeeper
tor Varroa control and/or fungicides, bactericides, or any other active substance applied for disease control.

7.0.3  RESiDUE MOVEMENT THuoucH e Hive

Pesticides can be transferred into:ithe hive epvironment from foraging boney bees that bring residues back to
the hive in contaminated pollen and nectar. Pesticide residues can also move throughout the hive a8 workers

Tdfinrax 189 mm
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FIGURE 7.1 Conceptual model showing how contaminants may potentially reacly various matrices within honey bee
cofonies, Pollen and nectar are the main sowrces of in-hive contamination. Arrows show potential magjor contamination
transter voutes. For minor routes, please refer to the text.

pass food {especially nectar and diluted honey) among thf:‘imei'vcs as it is processed, stored, or consamed,
All potential pesticide transfer 10, and movement within in's hive i highly dependeni on the use panera of the
pesticide product, as well as the physical and chemical properties of the contaminants. Some chemicals may
persist in the hive, resulting in prolonged exposures, Whi}e'éfhers digsipate andfor degrade into metabolites.
Some pesticide metabolites can also be toxic to honey bees (Suchail et al., 1999; Martel and Lair, 2011}
Therefore, while research continues to shed light pn the fate and movement of a compound in a hive, it
is important to understand and consider these p;opemes of a compound in assessing potential exposure.
Figure 7.1 shows a conceptual model of exposure souteg for pesticides to honey bee colonies.

7.2 POTENTIAL ROUTES OF EXPQSURE ?QR NON-APIS BEES

Most routes of exposure that have been examined for honey bees are valid for non-Apis bees as well. However,
because of their diverse and often differént biology, non-Apis bees may be prone to other routes of pesticide
exposure, Understanding different expmure mmfk is Important because it jsTiGt ?g:asib}e o conduct tests
on the more than 20 000 species of non-Apfsbees worldwide (Michener, 20073, A dsk assessment for non-
Apzs bces can h; hased m.im]y on the axposure routes revlewed far honey bee% z‘md tdﬂﬂrﬁd ffar different

acm.ﬁi measures oﬁ unique mp(}sure pathw ays may be dddpied frcsm testy cen::iucted on some key non»ApzS
species {see Section 7.1 1), Becanse of the large diversity of non-4pis biological features, this section will be
stroctured around some broad features of non-Apis bee ecology.

7.2.1  MESTING SiTES AND NESTING MATERIALS FOR MON-APIs SPECIES

Soctal non-Apis bees, soch as stingless bees nest in cavities that are usually located aboveground. In addition,
plant resins used for nest construction may be contaminated by pesticide apphications {Romaniuk et al.,

Febrzavy 24, 2614 £:26 246mm.‘-<18‘}mm§
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FIGURE?.2 ILeafcutter bee on blanket flower, photo by Mace Vanghan { Kerces Society for Invertebrate Conservation).
(For a color version, see the color plate section.) !

FIGURE 7.3 Micropipetimg nectar samples, photo by Mike Beevers. (For a color version, see the color plate section.}

ED_013166_00000142-00006
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FIGURE 7.4 Hand collecting pollen by removing flower anthers, photo hjﬁ Mike Beevers. (Por a color version, see the
codor plate section.) ;

2003), and while honey bees also use resin in nest consimcxion, certain non-Apis species employ resing to
a greater exient in nest building (Murphy and Breed, 2008: Roubik, 1989). Most bumble bee species (e.g..
Bombus terrestris, Bombus lapidaries, and Bombus subterranieus), nest underground in abandoned nests
of rodents and, therefore, are protected from direct spray applications. However, other non-Apis species
nest above ground in cavities (e.g., Melipona spp. and Trigona spp.} or under patches of grasses and vines
(e.g., Bombus pascuorwm and Bombus ruderarius) where there is greater potential exposure to drift, or

FIGURE 7.5 Honey bee'semi-ficld study with Phacelin, photo provided by BASE SE. (For & color version, see the
color plate section)

ED_013166_00000142-00007
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FIGURE 7.6 Masos bee, photo by Mace Vaughan (Kerces Society for Invertebrat

Tonservation . {For a colar version,
see the color plate section.) :

-, direct pesticide applications (Pouvrean, 1984; Thompson, 2001, Stingless bees and bumble bees mainly
""""'us;f wax to bufld their nests, but, unlike honey bees, they also commonly mix it with pleces of grass,
lbd\:{,%‘, and various substrates (Pouvreau, 1984; Roubik, 1%9) that may also be a source of exposure 10
ccmdmmams
Among” ‘solitary bees, the location of the nests as weil as'the material used to build them can vary
cc}mxdemb}yg"ﬂm gregarious. ground-nesting species can occur in large aggregations of several thousand
individuals in natural sites (e.g., Potts and Willmer, 1998) or in man-made bee beds such as for Nomia
“melanderi (Cane, 2008). In addition, ground-nesting bcg,a ¢an be found glong the border of fields planted
with annual crops, but also in the soil within suth fields ( Vamn:re et al., }985, Shu}cr et a} 2005; Kim
et .:il 0()6) There’rme ihe dmlpdtmn mte of peshudm n i

=%

once lhur ¢gg has been laidon a ba!i of pollen and pectar, T hese ieaf p:eu:% are mllccted tmm a large array i
of plants, such as alfalfa and rose bushes,” :

The second largest group of solitary bees consists of Speues zhat pest in pre-existing cavities (mostly
turmels) in dead wood, hollow twigs and bambot, or pithy stems such as efderberry {Sambucus spp.). These
include most bees in the genera Osnila and. Meg%c}u!e {Cane et al., 007)&01er species, such as carpenter
bees (Cerating spp., Lithurgus spp and X3 viczc apa spp.) deill their nest tangels insoft wood or the soft pith of
soune plant stems,

Other bees build their nests with Rowu petals (e.g.. Hoplitis spp. ),=0r plant hairs (e.g., wool-carder bees
such as ﬁmhzdmm manucatun) (Gibbs and Shetfield, 2009}, and msmy masen bees, Osmia spp., use mud 1o
build partitions berween the c}xffcrem cells of their nests (2.g.. Bosc ‘and Kemp, 2001; Mader et al., 2010), and
expostre to pesticides may ocenr from these materials if contaminated (Waller, 1969; Johansen and Mayer,
19903 The increasing use'of systemic insecticides, not only i1 commercial agriculture but also in residential
or recreational scenarios, may resuil in exposure Of certaiprpecies (Vera Krischik, personal communication),

ED_013166_00000142-00008
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especially some species of Osmie that chew up pleces of leaves (o create walls of pulp to separate broad cells.
This, however, requires further study to better anderstand.

7.2.1.1 Exposure at Immature Stages of Non-Apis Species ;
As stated previously, hopey bee worker and drone larvae feed on food that has been prou,saed which may

result in modifications {e.g.. degradation) of pesticide active ingredients in food stores However, this differs 3::
froni scenarios of solitary non-Apis bees whose larvae feed directly on raw pollen and nectar in either a mass Py
provisioning manasr or sequential imass provisioning manner (i.e., brood cells are provisioned over various i
timeframes), As such, exposure via food may differ between Apis and non-Apis species feeding on mostly :
unprocessed pollen, nectar, and other floral tesources (O Toole and Raw, 1999; Perebogm, 2000). Therefore, i
exposure estimates based on stored honey bee pollen which is conversed to royal jelly may not be predictive - §
of the chemical residues fed to the non-Apis bee brood (Konrad et al., 2008 In addition, with bees that mass o
provision their cells {i.c.. most non-Apis bees), the eggs and larvae are in direc ontact with the pollen and wt
nectar provision daring the early Hife stages {i.e.. the egg and first instag). ?*Iorxe’v bees, on the other hand, &
are 1solated in their cells and are fed progressively by nurse honey beec and therefore, have a very different #
exposure profile {Winston, 19873 ks
3
¥ - followed o fow days-Tater by... 4
famales.. N&%@M&&m&&%ﬂéﬁw&iwwh mmvtmmva t«bwmmugc gy P&M!Iﬂ\pp }«m “the: *x@ryw}ar«ge« 2
carpenterhees (Xulocopasppadea ' o
{Michener. 20075 Most aon-Api D E:;e smatierthanhoney bees: zmé Mmerefore, carrbe evqmsed pivs reidmeiy~ é%h

higher-amoums ol pesticides by contact-becauseof the. mgiw& susface-area-to-volume Tatio-of smaller-species
{This bas-been-demmorisiraed-with-intraspesific (pesticide Joxicity) tests that have - indicated-that-some - smabes. e >
bees-are yore Sensitive than Tarper beesat st }amxp@wm\s onaunitbee basis.) CRhompson-and Hunt 19985
Malone-tal; 200057

g Peak foraging time for honey bees is nent,rally durmg warny, nen-overcast conditions (Johansen and
Mayer, 1990; Tew, 1997). However, this i3 not the case for many non-Apis bee species, such as bumble
bees and mason bees (Osmia spp. ). which are known to forage during cool, inclement weather, as well as

~ earlier and later in the day and earlier and later in the season than honey bees {Thompson and Hunt, 1999,
Vicens and Bosch, 2000; Bosch and Kemp, 2001; Thompsen, 2001}, Similarly, squash bees {Peponapis,
and Xenoglossa spp.) are active in the early predawn hours (Sumpson et sk, 2007). In addition, males of
many non-Apis bees often spend the night in flowers or hanging from plants, potentially Teading to higher
exposures (Sapir et al., 2005),However, niale squash bees that spend the night in closed squash blossoms may
receive some level of proteé@‘gon from night time pesticide applications because the blossoms close tighily
around them,

e ﬁé‘é"s dh Seidarn o s O GFC e A e T R

B GO LYV 8@:: wiy ¢ edosn Ygaskee W W wleso
7.2.1.3 Food Sources Al aney L st i vt
Honey bees are extreme generalists in that a colony will forage for nectar and pollen on 2 large array of
plant species (polylecty), This is not so for most non-Apis bees, especially for the 80% or more which are
solitary. These species often gather their pollen on a few species of taxonomically related plant species
{oligolecty) and sometimies on a single species. Indeed, non-Apis bees may also forage, and even specialize,
on plants not readily visited by honey bees (e.g., potmio, many legumes, and some ornamentals). As a result,

Rapeciiad
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pesticide exposure {to generalists) may be “diluted” from various floral resources across a wide landscape.
For example, tomato and potato flowers do not produce nectar bat will release thelr pollenhrough buzz
pollination (sonication). Although, it is possible that pollen from Howers of this type could be shistded from ‘
foliar pesticide applications (because of the unigoe plant morphology), and considered safe for honey beesﬁ
they remtain a potential exposure scepario for non-Apis bees. ; e o

7.2.1.4 Size

Aunother factor affecting foraging and exposure in non-Apis bees s the size of some’ na;rApn bees, and the

Sy ath relationship between foraging distance and species size. Some non-Apiy bees are zmxch smaller than honey
&éwxi% ' hees (e.g.hees of the genera Perdita or Dialictus in the United States and Nomwzde,\ n Fi,gmpe), and therefore
A are subiect 1o relatively greater exposure because of the higher surface area to volume ratio of smaller bodies
{i.e., ug of pesticide that conlacts the body/mg body weight), Indeed, eveni pecific tests of pesticide

toxicity to bumble bees have confirmed that smaller bees may be more effected thanlérger bees for a specific

dose (Van der Steen, 1994; Thompson and Hunt, 1999; Malone et al., 200

A second size-related factor affecting potential exposure of non-Apis be
and foraging distance. Whereas large bues, such as honey bees, bumile . or carpenter bees (Xyvlocopa
spp.) easily forage over several kilometers from their nest (Beekman and Ratnieks, 2000; Goulson and Stout,
2001; Pasquet ef al., 2008): small bees may only fly a few hundred megters. from their nest site (Greenleaf et al.,
2007). This factor may potentially result in higher exposure to smail beeg, compared to larger species, that
are attracted to blooming crops, where their limited foraging range net,e itates nearby nesting, and ongoing
exposure 1o pesticide applications thronghout the growing seison. }in some landscapes (e.g., New Jersey,

USA), small bees (e.g., Halictus and Lasioglosswn spp) pertorm a %1gmﬁcdnt amount of crop pollination
{Winfree et al., 2007, 2(30&)

Somewhat related to foraging distance is the tendency of certain solitary bees to collect pollen from
one area, and often from only one or a few plant species, whereas honey bees forage on 2 wide variety of
plant species across a large landscape. Honey bee foraging areas and sources of nectar and pollen can vary
considerably from one day to the next (Visscher and Seeley, l"982) Therefore, due to the foraging behavior,
the posticide residues on one crop may be dxluted in'g hxmey bee colony diet, but aot so in the nest of a
non-Apis species.

s the relationship between size

7.3 METHODS AND MODELS FOR EST§MATING EXPOSURE OF BEES TO PESTICIDES

Currently, there are no giobally accepted approaches for estimating exposure of pesticides to bees for
screening-level risk assessments. Participants of the Workshop reviewed current methodologies employed in
the United States and Buropean Union, ind evaluated information that can be used of developed to establish
exposire estimates for screening-lovel risk assessments for both honey bees and non-Apis bees.

7.3.1  Screenang Level ExpOSURE ESTIMATES

Atkins et al. (1981 conducted jaboratory contact toxicity studies and corresponding field stodies with 63
pesticides. The field hazardswere stadied in o large number of commergial fields during bloom asing crops
that were highly atiractive 1o honey bees. Data developed by Atkins et al. (1981} indicated that, for foliar-
applied products, the median lethal dose (LID30) as measured in micrograms of active ingredient per bee
{ug a.ifbee) can be coverted and expressed as the equivalent number of kilograms of chemical per hectare
(kg a.i/hay {that would yield an LD30) by multiplying by 1.12. For example, an acute contact LI5S0 of 1 ug
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a.i/bee (highly woxic according (o Atkins et al. (1981} classification scheme) would equate 1o an application
rate of 1.12 kg a.i/ha, {or pound per acre}. In the Buropean Union, the hazard quotient (HQ) approach is used
as & screening-level assessment to distinguish between compounds with either potentially low or high risk
of acuie poisoning from foliar pesticide applications. The H(Q relates the application rate of a product with
faboratory oral and contact LD30 values. i

HQ = Application rate (g a.i./hayContact or Oral LD30 (g ai/bee)!

7.3.1.1  Environmental Protection Agency Residue Unit Dose {?REX)J. Campansﬁn of Lab
Contact Toxicity Data with Residue Data From TREX

Environmental Protection Agency (EPA) has typically employed the ierresmal residue exposure model
{TREX) when investigating foliur-applied pesticides, This model is used t6 predict residues on food items
{e.g., vegetation. seeds, insects) for birds and mammals, and is based on % nomogram developed by Hoeger
and Kenaga (1972). The contact exposure 1o a bee (which fo this point.has only been done for endangered
species analysis) is calculated by multiplying the residue predicted for broadleaf plants/small insects by the
assumed weight of a foraging honey bee (0128 gy (Mayer zmd Johan‘;en 19‘9{)) to establish a dose per bee
{ug aifbee). R

Although the TREX method could potentially be useful for developing 2 scraenmmleve} ex pnsme estimae
for bees in a risk assessment process, the values developed by Hoeger and Kenaga (19721 are not based on
residuee data for insects bot rather on plants or plant pars, of similar size (Fletcher et al, 1994). Data
frem Hart and Thompson (2001 indicate that the 95th perwniiie value for an insect residue per unit dose
(RUD) is 24 mg/kg compared to 135 mg/kg for broadleaf planis {EPA’s surrogate for small insects) which
is approximately six-fold higher. Data from additional studies (Brewer et al,, 1997; Fischer and Bowers,
1997) also suggest that the insect residue estimates dﬁmiﬂped by Hoeger (md Kenaga (1972) are greatly
overestimated.

7.3.1.2 1CPBR (EPPO) Proposal for Seed Treatment or Soil-Applied
Systemic Compounds

The main route of exposure of bees {o residues from bybiefniL compounds (such as those applied as a seed
trealinent or soil application) is through the transioeation of the compound into nectar and pollen, Data on
measured residee levels in different plant paﬂs have been compiled and analyzed by Alix et al. (2009a),
Residug levels in plant parts were measured atter treatmnent with systemic insecticides for the purpose of
developing Tier | exposure assessments, The compiled residue database considered residue values as close as
possible 10 flowering. Based on their apalysis, 4 default maximum residue value of 1 mg ai/kg plant matrix
has been proposed as a peak value for the sereening-level exposure estimate for systemic compounds used
as secd treatments or applied to soil'tAlix et al., 2009 Alix and Lewis, 2010). In the event the Tier 1 risk
assessment based on this worst-vase estimate indicates a potential risk, aciual measured residues from higher
ger studies can be used for a refined sisK assessment. I there 18 a need 1o wansform the Tier | predicied
concentrations in pollen and nectar into predicted doses for honey bees, it is recommended to follow the
proposals as cutlined by Tnterpational Compnission for Plant-Bee Relationships (JUPBR ) (Alix et al., 2008a),
which uses pollen and nectar consumption rates by different castes of honey bees (Rortais et al,, 2005). The
published consumption rates are provided later in this chapter (see Section 7.7).

¥ See Chapter § for a discession on‘acute (dermal or oral} toxicity rests.

i

E
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7.4 PHYSICAL ANMD CHEMICAL PROPERTIES OF PESTICIDE ACTIVE INGREDIENTS
WHICH AFFECT EXPOSURE

The pliysicochemical properties of the pesticide aclive ingredient determine its fase in soil and fnhive xhatrices
which can affect the exposure of the various life stages of both Apis and non-Apis species 10 these Chemicals.

1. Fate in soil—systemic products

Systemic products applied to soil can be taken up by the plant and transfocated into plant foliage,
fioral nectar, and pollen. Persistent systemic products that remain in the soil for averan year could
potentially be ranslocated into the nectar and pollen of rotational crops planted i succeeding years.
The dissipation fime (DT50) is used to characterize the persistence ofpcaikidas in scil,

Physicochemical properties of the pesticide active ingredient that can attect persistence in soil
inchude water solubility, the octanolb-water partition coefficient (I«.Uw) digsociation constant (K, ),
the soil adsorption coefficient (K), and the-orggnic.eatbén partition coefficient (). Pesticides
with high water solubility and low K] (e.g.. <:5{)3$‘%mmes\ghaw a higher poienhai f()l’ mobility, do
not strongly adsorb to soil particles A%H’E’&ﬁ“‘mmne to leaching depending on soll conditions,
weather, and persistence of the compound. The log of the K, (log Ky or log P) is the measure
of a chemical’s propensity to bicaccumalate. Pesticides with a high log P (e.g., >3} usually have
low water solubility and are not highly mobile in soil. The dog of the dissociation constant (pK,}
is a measure of the extent to which a substance ionizes in gquilibrivm with water. The pKa of a
pesticide indicates the ratio of the forms (ionized or undissociated)in which the chemical will exist
m environments of various pH values, and the extent of it¢ potential involvement i jon-exchange
binding processes in soils or sediments. The form of 4 pestivide {anion or cation) can influence it
mobility and hence persistence in soil. Soil type andeteorology (amount of rainfall, temperature)
can also influence the persisience of a pesticide in soill

Specific criteria to classify compounds as being persisten! in soil have been identified by the
Furopean Union (EBC, 2006) and other regulatory agencies to trigger the requirement of rotational
crop residue studies {used to inform human healthrisk assessment). It has been proposed that similay
criteria be used to require assessment for therisk’ of tesidues in pollen and nectar for succeeding
crops {Alix and Lewis, 200G},

. Fate in hive matrices—systemic and nonsy stemic, pmduus

Physicochemical properties including water w!ubﬂny, log £, and the pK, can influence the fate of the
active ingredient in the hive. Compoundh with a high log P that are hydrophobic (i.e., tending to be
insoluble in water) may accumulate in wax, . pollen, and beebread, which contain lipids. Compounds
with a high solubility in water ( h}(dmph;hcj ¢an partition to nectar and honey which contain water,
If the compound dissociates, the dﬁmmatmn constant may be used o indicate the fate in acidic
matrices such as honey.

b

7.5 INFORMATION NEEDED TO DEVELOP REFINED
PREDICTIVE EXPOSURE MODELS

As stated earlier, there are mo defined predictive models currently used for estimating the exposure levels
in bees or bee matrices for use inia screening-level ecological risk assessment. The procedures described
here thal have been previously used by the European Usnion and Canada for example, and employ values
for potential exposure, Have been effective in screening-out compounds that have low potential risk o adult
worker bees from foliar-applicd products, However, for crop protection products where potential tisk cannot
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be excluded based on current Tier 1 screening analysis, the corrent method to refine assessments consists of

higher tier effects or exposure assessment studies (e.g.. EPA Tier 2 foliar residue study, EPPQ tunnel test}.
Optimally, there should be methods 1o predict residue levels in relevant matrices (2.g.. bees, pollen, nectar).
These predicted exposure concentrations could then be used to compare with laboratory toxicity data, such
as acute contact LD30 values for adult bees, and acute and chronic dietary toxicity data for adult bees and
larvae to estimate risk t both foraging bees and other castes and Hife-siages in the hive, including larvae.

7.6 PREDICTED CONTACT EXPOSURE FOR FOLIAR-APPLIED PRODUCTS

For foliar-applied products. the prediction of residues on foraging bees due to contact exposure (i.e.. direct
spray on foraging bees or bees contacling residues post spray) can be estimated: The US EPA has propased
using predicted concentrations in insects based on estimates in their TREX wildlite exposure model. However,
as noted eartier, there are some inherent uncertainties with using this approach. In'this approach, values from
TREX Version 1.4.1, which relies on residue estimations developed by Hoeper and Kenaga (1972) for plants,
fruits, and seeds, would be used as surrogate data 1o estimate contact exposure “for insects, However, actual
field residue data are available Tor honey bees (Koch and Weilier, 1997} and & variety of flying, soil-dwelling,
and leaf-dwelling anthropods (Schabacker et al., 2005) that can be nsed for estimating contact exposure o
bees. In a multivear study by Koch and WeiBler (1997), the fluorescent tracer sodiam fluorescein was applied
to flowering apple orchards or flowering Phacelia fields while honey bees were actively foraging, 1o determine
contact doses in individual honey bees. After applications of 20 ¢ sodium Auorescein/ha, doses in honey bees
ranged from 1.62 o 20.84 np/bee, and 6.34 1o 35.77 nglbee for. honey bees foraging in apples and Phacelia,
respectively, H the maximam detected residue in this study £ 35 77 mjbec after an apphication of 20 g/ha) was
vsed a3 a point estimate for a screening-level exposure assessment, a predicted environmental dose due to
contact exposure (PEDc) in adull honey bees after an application of 1 kg/ha (1000 g/ha) would be 1789 ng/hee
or 1.79 pg/bee. The assumption here is that there will'be alindar relationship between application rate and
contact dose of foraging bees, which is an area of uncertainty.

In the report by Schabacker et al. (2005), maximum residues in flying, ground-dwelling, and foliage-
dwelling arthropods from a nunber of fleld trigls ‘were compiled and residue unit doses (RUDs}) were
calculated. The mean and 90th percentile RUDs § in mgfko after application of pesticides at a rate of | kg
a.s./ha are summarized in Table 7.1.

When residuc data for fiying insects are used to de'velop a screening-level point estimate for contact
expusure of foraging bees, a 90th percentile PEDc after an application of 1 kg ai/ha is caleulated to be
0.84 pg/bee. This is derived by multiplying the 90th percentile concentration in flying insects (6.6 mg/ke)
by the weight of an adult foraging honey bee {128 mg) (Maver and Johansen, 1990). This point estimate
£0.84 grhee) is close to the exposure valpe catculated using the data of Koch and Weifier (1,79 ug/bee),
and s consistent with the data developed by Atkins et al. (1981), where a dose of 1 ug/bee represents an
apphcation rate of 1 1b a.i/acre. Therefore, according o the Atking method, an application of 1 kg ai/hais
equivalent to an exposure value of 0.89 pg/bee. Based on this infarmation, a worst-case estimate PEDe to
honey bees after an application of T kg a.d/ha is 1.79 pgibee.

To evaluate the sensitivity o the proposed point estimate of exposare for honey bees, a generic data set

(LD50 values) can be used 1o caleuldte HQs and 1oxicityfexposare ratio (TERsY,? along with the value of

1.79 ug/bee after an application of 1 kg a.i/ha. Using a generic data set with an application rate of 100 g
a.i/ha, the corresponding HQ, TER. and RQ values are summarized in Table 7.2.

LTER = LD in ug a.lbes/FEDE in ug andbee and, Hisk Quotienis (R(P) = PEDADSD,
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TABLE 7.1
Predicted Concentrations (in mg/kg) After Foliar Application of 1 kg/ha yF
' . "Q'th?ercenti!e
Mean Predicted di, i Predicted
Concentration i Concentration
Arthropod Classification ' (mg/ke T tmpkd
Flying insects i4 E v 6.6
Ground dwellers {ovchard/vines, grasslands, late growth 3.6 i 8.8
stages of leafy crops and cervals (insecticides and
fungicides)) - .
Ground dwellers {(ovchard/vines (herbicides), varly growth 6.7 R o H
stages of lealy crops and cereals (all pesticides) L 7
Leaf dwellers 95§ ol 47.8

Seurce: Data from Schabacker et al, (2005).

According to Annex VI of the BU Uniform Principles, a TER of 210, designed to cover potential
variabilities (such as imerspecies), typicatly indicates aceeptable m.k for tc,rrestria} organisms, and has been
recommended as an appropriate assessment factor for oral expustre o systemic insecticides by ICPBR (Alix
et al., 2000a, 2009b; Alix and Lewis, 2010}, US EPA on the other hand uses a level of concern {LOC) RO of
(.1 for non-listed threatened or endangered aquatic or avian éiie(':ies ‘Based on this analysis, the scresning-
level risk assessment based on a PEDc of 0,179 ug/bee i is m hne with the current European Union screening
HQ of 50.

Although the published field trial data (Koch and Weifier, 1997) for residues on honey bees are maost
appropriate for developing exposure estimates for hopey beeg, it might be inore appropriate to use the data
for leaf-dwelling and soil-dwelling arthropeds developed by Schabacker et al. (2005) to address exposure
to leaf-dwelling and soil-nesting non-Apis bee species, respemvely Therefore, for the initial conservative
point estimate of contact exposure, the Y0th percentile predicted concenration for leaf-dwelling arthropods
(47.8 mg/kg) can be used to develop a PEDc for lealidwelling species, while the 90th percentile predicted
concentration for soil-dwelling arthropods (15.6 mg/kg) can be used to develop a PEDe for sotl-nesting
species. However, in order to complete this aﬁél}'siévané develop recommended PEDc values for leaf-dwelling

TABLE 7.2

Comparison of Hazard Quotient (HQ), fé'xicityf'fxpnsme Ratios (TER) and Risk Guetients (R())
Assummg a Predicted Contact Exposure Dose (PED0) of 1.79 pg a.i/bee After an Application of
1 kg ad./ha

Use Rate PEDe Contact LD50

thgrha) ~ (ug/bee) {ug/bee} HOQ TER 7Q
.1 0179 H 100 56 08
0.1 0179 2 50 it 0.0%
0.1 0179 5 pitl 2 0.036

0 0.379 20 3 12 (0.009

2a6mmx 189:;1mi
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and soil-nesting non-Apis bees, focal spectes need to be idemified. For leaf-dwelling species, the leafcutier
bee (e.p., Megachile rotundata) is recommended as a surface dwelling non-Apis reference species, while
the bumble bee {Bombus spp.), which typically nests on or underground, or the mason bee ((smia spp.).
which collects mud for nest construction, is recommended for soil-nesting (gregarious) focal species. Ideally,
ground-nesting solitary bees, such as sweat bees {e.g., Halictus or Lasioglossum spp.), squash bees (Peponapis
or Xenoglossa spp.), or alkali bees {e.g., Nomia melanderiy could also be considered a representative soil-
nesting species, for these msects dig nests underground. However, af least in Nortdy Arhenca, only Nomia
melanderi is currently mansged successfully on a larger scale. With the identification of focal species, the
typical body weights of the species can be used to convert predicted exposure congentrations in mg/ky to
PEDe valaes In pg/bee for direct comparison to laboratory toxicity data.

Prior to adopting this proposed methodology into a formal regulatory assessment paradigm for bees, the
method should be used 1o calculate toxicityfexposure ratios for some representative ‘compounds 10 ensure
that the exposure assessment methodology is sensitive enough to predict ay atite tisk to compounds that are
highly toxic to non-Apis bees fe.g., pyrethroid insecticides), while not predmtmg a high risk for compounds
that are knowsn t¢ have low inherent toxicity and present a low risk to 1mn~Apm bees. Such an exercise would
provide some feedback that the proposed methodology woukd not potenuaiiy be inconsistent with protection
goals.

7.7 PREDICTED DIETARY EXPOSURE FOR FOLIAR-APPLIED PRODUCTS

For assessing acute or chronic dietary risk to adults or larvae, predicted concentrations in relevant food
items {e.g., pollen, nectar, beebread, honey, and larval je!iy}s'hou}{j be used as the dictary esposure estimate.
Currently, models o predict residues in these items from foliar-applied pesticide products do not exist.
Although the results from survey-style analysis indicate that agricultural pesticides are entering managed
honey bee colonies through contaminated pollen (Chau?ﬁat:m al., 2010; Mullin et al., 2010), there are limited
published data from controlied studies that relate foliar application rates to measured pesticide levels in pollen
and nectar or in any processed hive foad,

In a study by Choudbary and Sharma (2008}, l'e‘ildli&‘i of three fofiar- -applied pesticides were determined
in nectar and polien following applications to Rowering ofustard. Pesticides evaluated in this two-vear study
were endosulfan, lambda-cyhalothrin, and spiromesifen, Mean measured residues in pollen and nectar, and
predicted concentrations after appication of FRgai/ha are summarized in Table 7.3,

1n a study by Wallner (2009), residues of the fungicides boscalid and prothioconazole were determined in
pollen and nectar samples from foraging bees taiiawmg applications to oilseed rape (canola). Mean measured
residues in pollen and nectar and predicied concentrations after dppiimiwn of T kg ai./ha are summarized in

Table 7.4,

Finally, in astady by Dinter et al. (20093, concentrations of the insecticide chlorantraniliprole in pollen and
nectar collected from foraging bees following applications to Phacelin in a semi-field study were determined.
The maximum concentrations in pollen and nectar, 1 day after trearment are summarized in Table 7.5,

Tt is difficult to draw any firm conclusions based on these Hmited data. For instance, there is not a Hnear
relationship between application rate and measured concentration in pollen and nectar across the different
compounds. Therefore, the predicted concentrations after applications of | kg/ha (Le., PEDe’s) may be greatly
exaggerated for some compounds, Tt istikely that the variation in residue levels seen between these two studies
{Dinter et al, 2009 and Wallner, 2009) is a result of different factors such s samipling, extraction methods,
tate properties of the different compounds, or product formulation.

Although limited piblished data ave available for maximum residue levels in nectar and pollen after
controlled applications of foliar producis, there is likely 1o be a sipgnificant amount of data that have been
developed by pesticide manufacturers for individual products. Therefore, the panicipans of the workshop

ED_013166_00000142-00015
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TABLE 7.3

Day 0 Measured Concentrations of Three Foliar Applied Pesticides in Pollen and Nectar Aﬁer

Application o Flowering Mustard

Mean ?redicted
Mectar Residues ™

v ‘Mean Predicted

Pollen Residues

Mean Measured  Mean Measured  (mg/kg) After {mg/kgy After
Application Residues Residues Application of  Application of
Compound Rate (gaisha)  Nectar® tmg/kg)  Pollen” {mg/kg 1 kg/ha. 1 kg/ha
Endosuifan 823 1725 £ 0031 2426 40.088 v 3450 3.99
1,583 1 0.006 2068 +0.048 .
Lambda-cyhalothrin 75 0.B58 £ 0.038 1807 £ 0.004 s 10,8 21.2
0728+ 0.022 1577 £0.018 S
Spiromesifen 225 1,541 £ 0.078 2003 £ 0.040 654 845

1,408 +:0.016

246X} B9mn)

1,795 40,033

Sonrce: Data from Choudhary and Sharma (2008).
“Mean measared residues from two siecessive application and sampling years,

proposed that nectar and pollen residue data from semi-field e?npo:sure:swdies conducted aceording 1o EPPO
guidelines be compiled and analyzed. These data should represent maximum residues in bee food items in
a bee-attractive crop, and developing models around ihu.e data wintild likely provide realistic, worst-case
predicted residues for a screening-level risk assessment.

Once these data are compiled, a conservative estimdie for tésidues on/in pollen and nectar (e.p., S0th
percentile RUDSs) can be used to calculate TER or RQ values. These screening-level predicted values would
represent a conservative estimate of dietary exposure for honey bees from foliar application of pesticide
products. For a dietary risk assessment, the predicted concentration of residues in feod iterns can be directly
compated with the results from dietary toxicity :,tud;m wnh aduit bees and bee larvae, if the results from

TABLE 7.4

Day 0 Measured Concentrations of Two Fohar Applied Fungicides in Pollen and Nectar Collected
from Honey Bees After Application to Flowering Oilseed Rape

Mean Predicted
Mectar Residues

Mean Predicted
Polien Residues

Mean Measured  Mean Measored {my/kg) Aftey {my/kg) After
Application Residues Nectar  Residues Pollen Application of Application of
Compound Rate (g ad./ha) - (mg/kg (mg/kg) 1 kgrha 1 kg/ha
Boscahd 500 1.43 6.2 PR 524
Prothioconazole 250 .69 nd 2.76

Sewrce: Data From Wallner (20093,

(LOOQ = 0.0013

“Concentrations § day after treatment, which were higher than day § values.
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TABLEZ.5

Day 1 Measured Concentrations of Chlorantraniliprole in Pollen and Mectar Cai!ecied from Honey
Bees After Application to Flowering Phacelia

Maxirmumn Maximum
Predicted Predicted
Maximum Maximum Nectar Residues.  Pollen Residues
Measured Measured tmg/kg) After (mg'kg) Afier
Application Residues Nectar  Residues Pollen Applicatign of Application of
Compound Rate {g a.t./ha} tmg/kg (mgrkg) thetha 1 kg/ha
Chiorantrandliprole 60 0.033 2.68 (.55 ’ 433

the studies are expressed as exposure concentrations (i.e., LC30, NOL{) However, if the toxicity resulls
are expressed as a dose (l.e., LD30 in pg/bee), the prcdzctcd dosecan be calculated based on predicted
concentrations on food items and consumption rates by different castes of bees. Honey bee consumption data,
based on complete life-stages, have been reported by Rortais et al, (2005), and are summnarized as follows,

Neclar foragers: 224-898.8 myg sugar

Pollen foragers: 72.8-109.2 myg sugar

Nurse bees: 63 mg pollen

Worker larvae: 394 mg sugar + 5.4 mg pollen
Dirone larvae: 98.2 myg sugar

The following daily constmption rates For the different honey bee casts were caleulated by Thompson
(2007):

Neetar foragers: 32128 4 mg sugar/bee/day

Pollen foragers: 10.4-15.6 mg sugar/bee/day

Nurse bees: 6.5 mg pollen/bee/day

Worker larvae: 11.9 mg sugar + 1.1 mg poiien/bee.’day
Drone farvae: 15.1 myg sugar/bee/day

For dietary exposure estimnates. it will bg important to choose the appropriate consumption rate with respect
to life stage, that is, the daily consuraption rate should be compared with acnte oral toxicity data to estimate
acute risks, while life-stage consumption g should be compared with chronic foxicity data to estimate
chronic risk. :

7.8 PREDICTED EXPOSURE FOR SOIL AND SEED TREATMENT
SYSTEMIC COMPOUNDS

For soil-apphied or seed weatment systemic products, the carremt ICPBR proposal recomunends using a
default maximum exposare.value of 1 me/kg for pellen and nectar, which is based on the analysis of
existing residue data (Alix et al,, 2009a). Currenmtly, the number of standardized exposure studies evaluating
residues in pollen and nectar for systemic pesticides is Hmited to a few compounds for the same class of
chemisury (Le., neonicotinoidsy {Alix et-al, 2009b). Therefore, there may not be énough data to develop a
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predictive exposure model applicable to all seil-applied or seed treatment systemic compotnds. In the case
of systeinic conpounds, it appears that residues in pollen and nectar are not only influenced by the physical
and chemical properties of the compound (e.2., K., 501l DT30, K, pollen and nectar uptake and digsipation),
but also by soil properties, crop, weather, and application timing versus the time of bloom. Therefore, as
pollen and nectar residue data for other classes of systemic compounds are developed, the addmonai variables
should be considered. As more residue dats are developed for systemic compounds {both neonicotinic and
other classes), the concept of developing a predictive soreening-level exposure model shemd be expkmed
further. In the interin, the defanH value of 1 mg/ky is recommended ag the point esnmate for exposure in
Tier | risk assessment for dietary exposure to systemic compounds, as it represents g, current worst-case
estimate of residues in mattices that are constuned by bees (1., pollen and nectar). However, as more data are
developed for systemic compounds, the value of 1 mg/kg should be re-evaluated m ensure. ihat itis sufficiently
conservative for nse in a screening-level risk agsessment.

7.9 PREDICTED EXPOSURE FOR TREE-INJECTED COM?OUNBé

Cenain insecticides can be directly injected into tree wanks for control of woed bsnng insects. The chemical
enters the xylem and is systemically iransported to all parts of the tree mt,indmg nectar (if produced) and pollen,
and potentially propolis, which is not consumed, but is used by bees in the construction and maintenance of
nests and hives. There is a scarcity of data on residues of pesticides résilling from tree injections. Until more
data are developed or collected, it3s unclear if the residue value of ] megfky, as proposed by ICPBR for seil
and seed treatments, is appropriate as a maximum default residue for A screening-level risk assessment for
tree injection. '

7.10 MEASURING PESTICIDES IN MATRICES RE%.EVANY
FOR ASSESSING EXPOSURE TO BEES

When guantification of pesticide residues in bees or bee food 1s rogquired to refing an exposure assessment,
it must be determined whether the goal is to assess eXposare 0f adoli forager bees or other members of the
hive {queen, nurse bees, drones, and larvae). To determine exposure of foragers from foliar applications,
analysis of bees collected from the sprayed crop.can be condocted. For exposure of forager bees from oral
sources, samples of nectar and pollen can be colieei&d by hand from flowers or from foraging bees on the
crop. Bees may be sampled by drawing nectar from the honey stomach and pollen can be removed from the
pollen baskets. Whether it is more time- and gost-cffective to use bees to collect samples ur to do it by hand
sumpling is dependent on the type of crop flowet being sampled.

Where collection of nectar from the farget crop is possible by hand, this can be done by inserting a
microcapillary tube or pipetle into the nectary And extracting the nectar. Collection of potlen by hand can be @]
done by shaking flowers or using scissors toxemove anthers followed by separation of the pollen from the
anthers either in the field or afler transporiation to »y laboratory. Flowers from several crops have very little, {f]
any, nectar and pollen, making hand collection impractical. In these instances, bees can be used to collect the
samples. Obtaining nectar samples using bees can be dope by collecting the bees that ave actively foraging on
flowers in the crop of interest (such as by vacuuming, which, in certain cases may be impractical). Another
way o sample bees is by collecling them at the hive entrance. In either scenario, verification of exposure from
the erop of interest should he done by identifying pollen brought back to the hive or by confining the bees
duoring the exposure portion of the stady using a semi-field study design. To obtain the nectar sample from
honey bees, the honey stomach can be dissected from the bee and the contents drained Into a vial or be pierced
with a syringe or micropipette and the nectar extracted. Pollen can be obtained from bees collected from
flowers or af the hive entrance by removing the pollen from the pollen baskets, Pollen samples can also be
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collected in pollen traps attached 1o the hive entrance. If either pollen or nectar canmot be efficiemly collected
in large enough quantities for residoe analysis, whole fliower samples could also be maaiyz&(i,fm possible use
as a surrogate {pending further collection and analysis of these data),

Samples from the hive can be drawn for potential exposure o residues in stored pollen, necm and larval
jelly. Stored pollen can be sampled by identifying frames where fresh pollen is being stored and removing this
pollen with a spatula from individual cells. Adding an empty comb can ensure that the pﬂ]!en and neciar is
freshly collected. Nectar can be sampled by identifying the frame where fresh nectar is being stored, removing
the frame from the hive, and shaking the frame into a large pan to release the nectar, The released nectar can
then be transferred to a vial using a pipette, or pouring i the volume allows. %itcmanwiy fresh nectar can
be identified and extracted from individual cells using a syringe or pipette and tfansferred to a vial. Larval
jelly can be identified on the frames and collected either by extracting it fromy the cells with a capifiary tube
or pipetie, or by removing the larvae and scooping out the jelly with a spatoia and. transterring i to a vial,

All samples collected in the field should be kept on ice until received by the anatytical Inboratory. At
the laboratory. samples should be stored frozen (—20°C) and protected from Hght until analysis, Experience
shows that plastic storage containers should be used with caution because some. pesticides can sorb to plastic.
Standardized procedusres for sampling, including appropriate storage and tmmport should be established in
order to avoid contamination, and provide adequate sample size. Specific, statistically valid plans for sample
size and nuraber also should be established in the study protocol. Dedicated soolers, chain of custody, records
of transport and storage conditions, and other appropriate good laboratory practice procedares should be
ased and documented to ensure sample integrity. The quantity of samiples needed for analysis of pesticide
residues should be determined prior to sampling and might vary based on the imils of detection and limits
of quantification for each pesticide in the individual matrices. Use of spiked samples, to accompany samples
collected from the field, can be used 1o cosure sample intefrity (as well as sumple stability. Analytical
methods alse need 1o be properly validated 1o ensure thai extraction methods are adequate and the residues
of interest are accurately identified. ,

Ar the present time, it is recommended that wiicchon of nectar and pollen directly from the flowers, or
collecting and removing pollen and nectar from foraging bees would be the most conservative and most
relevant estimhates of exposure for bees outside thé'ﬁ hive. For larvae, nurse bees, drones, and the gueen in
the hive, sampling freshly deposited nectar and pollen'from the combs would be the most conservative
dietary exposure estimate; considering additional processing of these materials by bees may result in lower
concentrations in other hive food sources. To further refine these estimates, data on the comparative residue
levels in flowers, nectar, polien, and hive products (@mh as stored pollens, nectar, honey, larval jelly, and
beebread) can to be generared to ds:icrmme, worst-Fase oral exposure estimates for sither foraging hees or
hive bees,

711 HIGHER TIER STUDIES TO“A%SESS EXPOSURE OF PESTICIDES TO BEES
7411 Hicuer T Stupy 1o EvatuaTE CONTACT EXPOSURE TO HONEY Bees

In the United States, i a compound ds<lassified as toxic to honey bees by contact exposure (i.e., LIDSO
<11 pg/bee), a Ter 2 contact residue study is required. In this study, a bee atiractive plant {typically alfaifa)
is sprayed with formulated product at the maximum application rate, Groups of worker bees are caged over
the treated crop at various time points after application (typically, 0, 4, 8, and 24 hours), to evaluate the
bicavailability and persistence of pesticide residue. These data are used to determine the length of time
between application and when bees can be safely exposed to a treated crop. From this test, a residual toxisity
tinge (BT} is established indicating whers the pesticide residue is lethal to 25% of the test population, referred
o as the RTs.
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7,112  Fhcouer Tier Exrosure Stupiss Using Honey Bee CoLomies

Since it is not economical to conduct exposure studies in every crop, realistic worst-case model crops should
be used for assessing exposure of bees under field-relevant use conditions in semi-field and f:e}d frials.
Choosing a realistic worst-case modef crop should include the following comxd&rcmom

» attractive {o hees
» provides both nectar and polien
»  provides sufficient Aower density and sufficient doration of flowering

EPPO PP 1/170 (OEPP/EPPO, 2001) proposes Phacelia, oilseed rape (canoig), and mustard. Buckwheat
(Fagopyrum esculentum) may also be used. Application parameters (ie., rate, Taterval, formulation) ased
in any higher tier study should be those that are expected to produce the greatcst pgtentmi exposure that is
prescribed by the produoct label being assessed, :

Yor a worst-case assessment of exposure, semi~field, or tunmel studiestan be conducted. In these studies,
cotonies are placed within a tent or mesh tunnel and exposed to the tregled crop during or iramediately after
application, Using a highly bec-attractive crop would simulate a worst-case gxXposure to residues in pollen
and nectar. Because of the controlied nature of semi-field studies for foliar-applied products, the location of
the study is not as important as it is for a field study. Therelore, data from semi-field studies may be useful in
risk assessments beyond the country in which it was performed, assuiping that maximum application rates are
assessed. However, in some instances, soil type and weather can influence nectar production. See Chapter §
for additional discussion on effects measurements through semi-field stadies.

7.11.3  Stupies TO EVALUATE EXPOSURE FROM Sm) TREATMEN TS AND SOIL APPLICATIONS
OF SYSTEMIC COMPOUNDS

Regarding seed treatments and soil applications with éysgcmiccempounds, specific semi-field or field stodies
can be designed to measure residues in nectar and pollen if order o refine a screening-level risk assessment
for systemic compounds. If the purpose of the study is:to measure residue dafa only, the actual crop of
interest should be used, If higher ter studies are conducted with a foliar-applied compound and the aim is
to concurrently assess residues and potential effects, ;"3 eferably a crop with the highest application rate and
highest attractiveness to bees should be used, It suchian effort is undertaken with a systemic compound, then
the target crop per se, should be considered first as the test crop, utilizing the maximum application rate for
that nse scenario. I the tarpet crop is not feagible for conduct of either semi-field or field stadies, the use of a
surrogate crop is recommended but must be seientificatly justified (e.g.. supporied by plant metabolism data,
micasured residue levels innectar and pollen) Data on the uptake and decline of pesticide residues in pollen
and nectar after sysiemic pesticide apphications o the test crop should be evaluated prior 1o inidating field
testing with honey bees. (Certain residue chemistry information, typically used for human health assessments
may be useful in these cases.) In reviews of reports for two compouads submitted to the State of California
{Bireley, 2008; Omer, 2008; Papathakis, 2008; Bireley, 2009), feaf residues in treated perennial shaubs and
trees treated with imidacloprid were initially low. Residue levels were below the limit of detection for several
weeks after application, but increased to levels above 10 ppm over the next several months in some instances,
illusirating that expression of residues in pollen and nectar may follow a curve dependent upon numerous
variables. Regardless of the timing of application, i is important that the analysis phase of ficld studics
include sampling of the most important bee-relevant matrices {f.e., pollen, nectar) and characterize the level
of residues doring plant bloom. Consideration may also need to be given to characterizing the persistence
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of residues over time, that is, accamulation from: one year to the next (depending upon éavironmental fate
properties),

7.11.4  Fiero TreatmenTs ror Honey Bes COLONIES, SPIKED SUCROSE, AND Sr’mw Poum

For evaluating the distribution of 2 pesticide throughout a hive, sucrose, pollen, or pratem (pﬁilen substitute)
supplements spiked with the proposed test compound (e.g., pesticide active ingredient) should be considered
as a polential method of exposure in semi-field and feld tests. Spiked pollen, protein {pollen substitue),
or sucrose can alse be wiilized in laboratory and ficld wsis to ensure and acwrately guantify exposure
1o the hive,

When spiked sucrose solution 15 ased as the route of exposure for three or more days a protein supplement
is recemmended 1o ensure that effects observed are due 1o treatiments and not insufficient nutrition. If exposure
1o the compoond is expected 1o be through pollen collection and feeding, spiked protein can be fed to the test
bees. An alternative is to collect and homogenize pollen from a pollen ira;éq"spiké the pollen samples with the
compound being evaluated, and pressing the spiked pollen into empty combs. However, for some lipophilic
compounds, pressing the pollen it0 a comb could end up extracting the Lompmmé if it partitions to the wax.
An alternative would be to prepare pollen cake on which the bees can ffarage Also, certain pollens should
be avoided because they may contain contaminants sach as flavonoids that are toxic o bees. In addition, the
pollen used should be pesticide free. Finally, the protein content of some pollen, and differences in preference
may reduce feeding. In some cases, researchers have nsed spiked protein supplements. One recommendation
is to provide a 300 g protein supplement to the colony each,ﬂi’veek‘diiﬁng a brood cycle deg., 21 days).
Palatability or toxicity of the fest compound may result in the.need to alter the size of the supplement. A
pollen trap may be used o significantly reduce the quantity of imliér; that foraging bees bring into the hive
{(field studies), thus, encoursging conspmption of the sp:kcd protein supplement. A local sucrose feeder may
also be used to reduce long distance foraging. E

An advantage of using spiked protein supplements s ih.ﬁt treated crops are not required and the field size
where hives are placed is not relevant as long as there is adequate forage for the number of hives. In these
studies, pollen traps can be used to reduce any exirancous pollen from entering the hive. Spiked proiein
supplements ensure that the hives are exposed fo. the'té§t substance. Since the protein supplement is not
specific to a particular crop, exposare is applicable o any plant where pollen is a food source.

As discussed earlier, appropriate steps should be taken 1o validate the proper handling of residue samples
during collection, shipping. and processing, Validated resclis indicate that the field handling is appropriate
and that the results from the field samples accurately represent actual field residues. See Chapter 8 for more
discussion on considerations and conduct'of fisld studies for measuring potential effects,

7.12 HEALTH OF HONEY BEE COLONIES CAN INFLUENCE EXPOSURE

In typically managed colonies, pests and pathogens are present in amwounts noi necessarily found in the
shmulated scenarios of laboratory-based or field studies. Honey bee pathogens such as Nosemy (Fries et al,,
2006; Chauzat et al, 2007) and various bee viruses (Chen et al, 2007, 2011; Ribidre et al,, 2007) are
commonly present in managed honey bee colonies. When colonies are subjected to changes caused by
pesticide exposure, the pathogen loads can change in honey bees (Alaux et al., 2010; Pettis et al., 201, and
in turn, influence biological and behiavioral traits of honey bees. The behavior of diseased honey bees can be
modified. For example, diseased honey bees may forage eartier in their life cycle (Ribiere et al,, 2008), or
may be less vigorous foragers, leading to less overall foraging activity and consequently a Tower pesticide
exposure. Colonies used for 1sting should be healthy colonies, with minimal levels of pests and pathogens,
as these can influence foraging behavior,
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7.13 HIGHER TIER STUDIES WITH NONMN-APIS BEE SPECIES

H a screening-level risk assessment does not indicate a presumption of low risk © non-Apis bee species,
exposure can be evaluated using higher tier studies. In many cases, exposure assessments for honey bee
workers may address potential exposure for non-Apis bees. However, in some cases, non-Apis:bees face
unique exposure pathways not addressed by exposure assessments for honey bees (see Section 7.2) and
consequently, exposure estimates for non-Apis bees should be pursued through higher tier studies’ Higher tier
studies may be pursued solely for exposure information but given their complexity and cost, they tikely will
be undertaken for information on both exposure and effects. A brief discussion muarcimb alfulfa leafouiter
bees and mason bees provides an example.

7.03.1  Avrarra LEarcutTer Bees: CONTAMINATION OF MESTING MATER&MS

Alfalfa leafcutter bees (M. rotundata) and other species of Megachile and Osmia will collect leaf pieces from
a variety of plants to either wrap or build partitions between their brood ¢ells. Common examples of planis
used by these non-Apis species include species such as rose (Rosa spp.}y snow berry (Symphoricarpos albus),
bindweed {Convelvdus arvensis), buckwheat (F escudentum), honeysuckie (Eonicera spp.), wild grape {Viss
viniferay, or wild senna (Senna hebecarpa) (Mader et al., 2010). AHalfa leafcutter bees deployed for alfalfa
pollination also use materials collected from the fields in which they are pollinating and/or foraging. Whether
the bees use the target crop or surrounding non-cropped area, the:re ie & potential for exposure from direct
application to the crop or drift to adjacent plants.

In the case of the alfalfa Jeafcutter bee used for alfalfa pollination, it is critical to understand the level of
exposure from contaminated leaf pieces and, ultimately, the toxicity of this exposure, See also Chapter 8 on
Laboratory Testing Approaches for a discussion on laboratory-based effects studies using treated foliage and
see also Chapter ¥ for a discussion on considerations withrespecito effects information from either semi-field
or field studies. One possible approach would be to use zmodification of US EPA's guidelines for assessing
the toxicity of pesticides on follage, where alfalfa is;sprayediand then brought into a laboratory at vanious
post-application time points, and allowing bees to forage on the foliage, Another approach would be to use a
semi-field or field study design as described in thesection. Semi-Field Studies.

71311 Semi-Field Studies

The following steps relate to assessing pc:te‘i}tial' tevels of exposure from contaminated mad, such as with
mason bees (e.g.. Osmia cornifrons, Osmin cornuig Gumia lignaria, or Osmia rufa) that collect mud to build
pariitions between their brood cells,

1. Plant enclosed shelter (6 m by 2.5 'm or larger) with Phacelia (Phacelia tanacetifolia), sweet clover
{Melilotus spp.), or other favored forage plant. (Note: In this case, 1t is also possible to consider the
use of artificial nectar or pollenfeader)

2. Deploy incubated Osmia spp. cocpons as loose cells or natal tubes in the enclosure at least 15 days
prior to pesticide application (see Bosch and Kemp, 2001; Mader et al., 2010 for management
advice).

o Provided the bees have undergone appropriate diapause (generally 100-200 days at 1.7-4.4°C),
bees will begin emergimg 5-10 days afier initiating incubation at temperatures of at least 21°C,
More rapid emergence can be stimulated by incubaling cocoons at 29°C, until all bees have
emerged.
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o Note that male emergence precedes female emergence, often by several days, and nesting typ-
ically will not begin until 1-2 days after mating (which usually cceurs on the day of female
eMEIZENce). w

3. Provide a source of wet mind with high clay content in a 1w wide shallow pan or iray. Vvat(,r this tray

on & daily basis froms below in order not to wash pesticide from surface. Ensure ihai the moisture

level 1% not excessive leading to drowning.

4. Llse observation ronne! nests for the bees (i.e,, boards with grooves rontered.into one side (8 m
for O. cornuta, 7.5 v for O, lignaria, 6 mm for O. cornifrons), covered by 1 layer @i clear acetate
and sandwiched with a second piece of wood to create a dark funned that can be opened to allow for
TRORITOTIRg. .

. Open observation turmel nest and note completed cells, g‘s‘;\wﬁ 15 Gl g’ AT *"?\

. Temporarily close tunnel nests and apply the test material to the mud 2%{ the ievel; of interest,

RS

‘;w t-‘x

o0 -l Tho LA

. Note the new cells oreated. %, Qass 3 hvw
. Opm nests ad remove the mud partitions that divide t%e cells in ortier 16 measure:
a. pesiicide residue in pollen-nectar stores (pollen ball), and
b. pesticide residue in mud partitions. ' Author: Ballet
9. Remove exposed cells at 15, 20, and 25+ days to assess the movement of the pesticide into paints “6)Tom.

porarify close

beebread, larval mortality, ete, Depending on the species, full development from egg hatching to siest burmels
adult emergence 18 completed between 60 and 125 days at 28-17°C. Higher temperatures will resalt and apply
in faster development, bat should not exceed 28°C. pesticide at
’ leveds of intorest
16 mud” and
SHIOpen nests
: and pul] out
7.13.1.2 Field or Semi-Field Studies mud partitions
; divided cells
; : NN . - provisiened
1. Deploy leafcutter bees in closable/sealable sheliers inan alfalfa field 10 days prior to pesticide post-
apphication (see Chapter 8 for further discussioh on proper incubation timing). ?!Hﬂleaiifn ]
Y Obsen‘aﬂ'on mnnel-nests for the bees can be canSlmclLd to facilitate monitoring by boring a Zgzﬁrg he
AT D601 i inch} holes or grooves into ong side efa wood plank, and covering the holes/grooves nrclear. Please
v check,

with e,lt:dr acetate. The acetate on such nests should be covered with a removable opaque cover
to increase nest atiractiveness, The opdque cover can be removed temporarily in order to make
notations on the acetate. See also Abbott et al. {2008).

2, During the active sesting period, close the shelter at night to prevent foraging in the green house.
cage, or field until the following day. Wath the nest shelter closed, carefully enter it and note the
constructed cells {pre-treatraent) i 'the obseérvation wnnels. With the shelter closed, pesticides can
be applied to the field adjacent (at Jeast 200 m radius) around the shelter.

3. Afier an appropriate time has elapsed {depending upon study goals and getive ingredient being used},
open the shelier to allow beesto forage, build, and provision the cells.

4, MNote new cells created 1o the observation nests.

§, Newly constructed cells can beanonitored for development: egys will hatch in about IS davs at
15.6°C down to 1-2 days at 35°C. Prior 10 egg hatching, cells may also be dissecied to separate leaf
pleces from cell contents (beebread and egg) to assess
a. pesticide residuesdn the pollen-nectar mixture {pollen ball), and
b. pesticide residues on Jeaf pieces.

6. At 15, 20, and 234 days. cells can be sampled for the presence of pesticide rosidoes in the pollen
ball, monitored for larval mortality, and other parsmeters. Full development from egg hatching to
adult emergence takes 35 days at 15.6°C, but only {1 days at 35°C.

ED_013166_00000142-00023



 BLBS 145007

BLBS 145 -Fischer Prnter: Yet 10 Come February 24, 2014 626

68 . Pesticide Risk Assessment for Pollinators

7.13.2  Usiig Non-Aris Bees 1o Measure PesnciDe CONTAMINATION OF POLLEN AND NECTAR

Using the techmigaes deseribed here, pollen balls may be removed from the cells of solitary tuﬂn{:i»nestmﬂ
bees (.., Osmia spp. or M. rotundaia) placed in shellers deployed in fields or orchards treated with puuudm
including systemic pesticides applied as drench or trunk injection. If sufficient forage is available, then these
managed non-Apis solitary bees tvpically forage in the area immediately surrounding their nest (40-60 m),
thereby helping to ensure that the study organism is coming in contact with the treated plants in well-designed
field studies. These bees can also be used readily in semi-field stadies as they forage readily in enclosures
when provided with adequate forage and nesting waterial {Bohart and Pedersen, 1963; Abel ¢t al., 2003).

Female foragers of Owmia or Megachile spp. may alse be netted in front of their nest shelters. 1f they
are retarning with pollen, it may be gently scraped or brushed from their abdomens or removed by holding
the bee with entomological forceps and applying a vibrating tuning fork to the forceps. Note that, nnlike
honey bees, members of the family Megachilidae, which includes both Osmiia and Meégachile, carry pollen
in long hairs (scopae) on the underside of their abdomens. This pollen is cafried dry,“unlike honey bees that
carry wet pollen with nectar or honey in order to pack it onto their pollen bask ts (corbiculae; Vaissigre and
Vinson, 1994). It is unknown if wetted pollen may tnteract with piﬁtludbb in the field differently compared w
dry pollen.

With regard to nectar contamination, the crop portion of the dhmemarv track of non-Apis bees can be
extracted just as easily as with honey bees. Clearly the amount of pegtar that can be recovered will be a bit
fess in smaller species such as mason bees or leafeutter bees, but the pmu:dure is the same as with honey
bees. It may be advantageous to anesthetize the foragers prior to squeerzing their abdomen gently so as w
avoid being stung repeatedly at the same spot though the smallei non-Apis species are usually less prone 1o
sting and agile at doing so than honey bees (but this is not true with bumble bee workers), & thait

Field technigues using non-Apis bees are presented in greater detai] in Chapter 9 unésmn fietd and field
approaches to testing pesticide risk to bees,

e

7.13.3  Non-Apss (SOLTARY SPECIES) AS AN EXPOSURE SURROGATE FOR Apis Bees

In certain respects, non-Apis bees may serve as a useful surrogate for honey bees in exposure studies. Solitary
bees, such as leafoatter (Megachile spp.) and mason {Osmia spp.) bees, typically forage over a much smaller
area than honey bees, For example, selitary bees typically forage within a few hundred meters of a nest, rather
than two miles {several kilometers) as is common with{heney bees. Because of this smalier foraging area, it
is possible that a field experiment may provide a more accurate picture of potential exposure, even chronic
exposure. Where a honey hee colony will forage over potentially 500 hectares or more, if safficient forage is
present, solitary bees will visit fowers ag ¢lose to the nesis as possible and thus be exposed consisiently 1o
local fipld applications and residues. '

7.14 SUMMARY AND RECOMMENDATIONS

Participants of the Workshop agreed thatthe most significant tonte of exposare o bees from foliar-applied
pesticides is from both contact and oral exposure {of foraging aduits, hive adules, and larvae) to contaminated
potien, nectar, and processed food fe.p.. beebread, honey, and larval jelly). For systemic compounds (applied
as a seed treatment, soil drench, ortrunk imection), the most significant route of exposure s through oral
ingestions of residues in pollen, nectar, and processed food {e.g., beebread or larval jelly). Other potential
routes of exposure include contaminated drinking water and hive material (e.g., contaminated comb wax)
and inhalation. For non-Apis bée species, unigue potential exposure routes include contaminated soil (for
solitary ground-nesting species and unnel-nesting species that use mud to build cell partitions), contact
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with sprayed feaves and nesting material that may also be contaminated. Workshop participants agreed that
when assessing the major routes of exposure, methods should be conservative enough to account for vations
polential exposure routes. Unique potential exposure routes, for systemic pesticides, include cofitaminated
abraded dust from seed treatment scenarios, consumption of contaminated aphid haneydcw or pussible
consuinption of contaminated gottation witer,

7341 EXPOSURE ESTIMATES

For contact exposure estimates for foliar-apphied products. published insect data from direct application
exposure studies with honev bees (Koch and WeiBer, 19973 can be used to sstimate the PEDe of foraging
honey bees. Using this data, 4 worst-case estimate of 1.79 ngfbee is predicted after an application of { kgrha
directly to foraging bees.

For non-Apis species, Workshop participants recommended using the data far leaf-dwelling and soil-
dwelling arthropods from the data developed by Schabacker et al. ¢ 2(3{)‘5) to addrasa exposure to leaf-dwelling
and soil-nesting non-Apis bee species. respectivedy.

For predicting oral exposure to bees for products applied as spray. soimmm durmo crop bloom, there is a
iimited amount of public data avadable to make an exposure estinjate based on predicted concentrations in
pallen and nectar. There 15, however, a larger set of proprietary data that may be available from semi-feld
studies conducted by pesticide registrants. Therefore, Workshop participants discussed the possibility and
vatue of an industry cealition to compile pollen and nectar residue data from both published and proprietary
studies to develop a nomogram that can be used to predict ‘concentrations in pollen and nectar based on
field application rates. Preferably, & nomogram such as this wou}d contain both mean and 90th percentile
predictions.

Pollen and nectar residue levels, reported as mgfkg, canbe wmpcm,d to results from oral exposure toxicity
studies with bees if the results of the studies are based on concentrations in the diet, that is, LC30, or as a
NOEC (also expressed as mpfkg bee diet). However; il the resulls from oral exposure foxicity studies are
expressed as a median lethal dose {e.g., LD30 in ug/bee). then the predicted exposure dose fin ugfbee) can
be calculated based on the concentrations in polien aird nectar, and reported as (adjusted per) consumption
rates for different castes of honey bees.

For systemic compounds applied as seed treatment coating, soil applications. or trunk injections, the
most significant routes of exposure for adult and larval bees will be throagh ingestion of polien, nectar, and
processed pollen (i.e., beebread or larval jelly) and processed nectar (i.e., honey). Recognizing the limited
field data available to develop exposure mbdcis;'pértiuipams of the Workshop considered the proposal by the
ICPBR for a default value of 1 mg/kg in polien and nectar {Alix and Lewis, 2010), as a potentially appropriate
point estimate of exposure for a screening-level assessment for sced treatment and sofl applications. Once
again, if the results from oral exposure toxicity studies are expressed as a dose (¢.g., pg/bee), then the predicted
dose can be calculated based on the congentrations in pollen and nectar coupled with reported consumption
rales from different castes of honey bees

7,314.2  HiGHER TIER STUDIES TO REFINE EXPOSURE ASSESSMENTS

When a screening level assessment indicates polential risks, higher ter stodies with applications to bee-
attractive plant materials are an option to refine exposure estimates for a specific product. A Tier 2, (contact)
toxicity study of residues on foliage with honey bees may be conducted. In this laboratory study 2 bee-
altractive plant (e.g., alfalfa) is sprayed with the fornmulated product and the bioavailability and persistence
of toxic residues are evaluated at varions exposure time points after application. The resulis can be used to
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determine the length of tisme between application and when bees can be safely exposed 10 residues on leaves
ar flowers of a freated crop (e, RT).

7.14.3 Resianc Oral Exposure of Honey Bees TO FOLIAR-APPLIED COMPOUNDS

Tier 3 semi-field or tunnel lests are recommended 1o refine the oral exposure assessment for honey bee
colonies to both systemic and nonsystemic products sprayed on foliage, As discussed i the Hazard-Field
section, Workshop participants recomnend that semi-field studies should use a bee-atiractive crop such as
Phacelia, oilseed rape (Brassica napus), mustard (Sinapis hirta), or buckwheat (family Polygonaceae). Use
of these study/crop scenarios would provide a better opportunity to ensure exposire because the bees would
onty have the treated crop to forage on for a specified duration. Therefore, the results from g semi-field lest
would provide data for 4 realistic, worst-case prediction of exposure of limited durationtesulting from labeled
use conditions. In these studies, polien, nectar, beebread, honey, and if desi red, | rval jelly can be collected
and analyzed for residue levels. Unlike honey bee larvae that consome mos pmcmsed pollen and nectar in
the tarm of brood food and/or larval jelly, many non-Apis bee larvac consume only raw pollen. As such, in
studies nsing non-Apis bees, oral exposure measurements can be obtained directly via the pollen.

7.14.4 RermanG Osar Exposure or Howney Bess 1o Sm;,nAwum AND SEED TREATMENT
SYsTEMIC COMPOUNDS

Once again, a semi-field stady is recommended for assessing gxposure of honey bee colonies to systemic
pesticides delivered via seed dressings or through soil treatments. For studies with systemic compounds, the
actual crop being assessed should be used, {or potential worst case when multiple crops are being considerad)
since there may be different rates of uptake, distribution; and metabolism of g compound in different plant
species {1.e., between an attractive surrogate crop suchvas Phacelia and & commercial target crop such as
melon). Residue analysis should be timed to coincide with the highest nectar/polien residues expected in
the treated crop based on application timing as well as peak residues during bloom. Residues of systemic
pestiaide& in Ieave'; of trees may be highest aevcra’l mdhth%’ aﬁer soil dppﬁtdti(}ﬂ indicating that indi»idudi

0 semi- ﬁeld amdiu condneted mih foliar spmy pmciuc{a rf.uduex in pollcn neuar beebread, ham,y and if
destred, larval jelly can be collected and analy?eé for residues. The measured residue levels can be used in a
refined risk assessment.

7.14.5 ResnanG EXpOsure OF Nom-Aéis Bszs

I a screening-level risk assessmentindicates potential risk, exposure as well as the effect of 2 compound
0 non-Apis bee species can be refined using field or semi-field stady designs. For assessing exposure 10
pesticides in poHen and nectar, solilary nesting bees such as blue orchard bees (O Hgnaria) or alfaifa
leafeutter bees (M. romndaia), can be used. However, nectar and pollen residue data gained from honey
bee trials can also be used to assess exposure for non-Apis bees. Similar to studies with honey bees, for
foliar-applied pesticides, studies with non-Apis bees should be conducted using a bee-attractive crop such as
Phacelia or sweet clover. Pollen dnd nectar can be collected directly from the foraging bees. Semi-field or
fickd studies can also be conducted with Megachile 10 evaluate potential (dermal and/or oral) exposure via
contaminated nesting material. For aszessing exposure to systemic pesticides used as a seed weabment, or
applied as a soil treatment or trunk injection, a ficld study design can be used with these non-Apis species o
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evaluate worst-case exposure because of the limited foraging range of these species. Potential exposore vig
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